Abbreviations & Acronyms BMI = body mass index C-index = centrality index DAP = diameter-axial-polar nephrometry score EBL = estimated blood loss eGFR = estimated glomerular filtration rate LPN = laparoscopic partial nephrectomy PADUA = preoperative aspects and dimensions used for an anatomical PN = partial nephrectomy RENAL = radius, exophytic/ endophytic, nearness, anterior/posterior, location nephrometry score ROC = receiver operating characteristics WIT = warm ischemic time Objectives: To compare diameter-axial-polar nephrometry score with RENAL nephrometry score for surgical outcomes after laparoscopic partial nephrectomy. Methods: We retrospectively reviewed data from 134 patients who underwent laparoscopic partial nephrectomy, using diameter-axial-polar and RENAL scores. We analyzed data for warm ischemic time and estimated blood loss intraoperatively, and percentage change in estimated glomerular filtration rate 6 months and 1 year postoperatively. Both scores were classified as low-, middle-and high-risk, and were used to compare the three analyzed parameters. Results: The median tumor size was 2.3 cm (range 1.0-5.4 cm); warm ischemic time was 25.4 min (range 6.5-57 min); and at 6 months and 1 year, percentage change in estimated glomerular filtration rate was 93% (range 51.7-133.3%) and 91% (range 49.4-137.6%), respectively. There were no significant differences in warm ischemic time and estimated blood loss for RENAL between risk groups (P = 0.38 and 0.09, respectively), but significant differences between groups for diameter-axial-polar score (P = 0.02 and 0.01, respectively). There were no significant differences in either score between groups for percentage change in estimated glomerular filtration rate at 6 months and 1 year. A total of 27 high-risk cases with a diameter-axial-polar score of seven points underwent laparoscopic partial nephrectomy safely; all three cases with a diameter-axial-polar score of eight points were converted to open partial nephrectomy. Conclusions: Diameter-axial-polar score seems to estimate the complexity of tumor characteristics in patients undergoing laparoscopic partial nephrectomy better than RENAL score. It has a better correlation with warm ischemic time and estimated blood loss.
Although a randomized controlled study failed to show decreased non-renal cell carcinoma mortality for patients with renal cell carcinomas, 3 the benefit of nephron-sparing surgery includes better renal function relative to radical nephrectomy. [4] [5] [6] Preoperative imaging to determine the anatomical features of the renal tumor is important to safely carry out PN. Several renal nephrometry scores have been used to standardize and classify tumor characteristics, including the RENAL nephrometry score -(R)adius, (E)xophytic/endophytic, (N)earness, (A)nterior (a)/posterior (p), (L)ocation nephrometry score: RENAL, PADUA score and C-index score. [7] [8] [9] Recently, Simmons et al. proposed the DAP by integrating the optimized attributes of the RENAL and C-index scoring systems with simplified methodology and decreased measurement error. 10 Reports have compared DAP with RENAL and found a better association of DAP with WIT and postoperative renal function outcomes.
11-14 However, these reports included patients receiving open, laparoscopic and robotic approaches. The surgical approach could affect the technical complexity and perioper-ative outcomes. In particular, LPN is technically difficult because of complicated extirpating tumor techniques and suturing procedures. Therefore, PN operative outcomes should be evaluated based on the surgical approach.
Following recent technical advancements and the development of the da Vinci surgical system (Intuitive Surgical, Sunnyvale, CA, USA), the number of patients undergoing robotassisted LPN has increased in many countries. Although robot-assisted LPN in Japan has also gradually increased, it is not yet a standard treatment because of the need for Japanese health insurance system approval. Also, even if the use of robotic surgery becomes widespread, many hospitals worldwide would have to select LPN for small renal tumors for economic reasons. Therefore, minimally-invasive LPN currently plays an important role for small renal cell tumors in PN.
To our knowledge, no previous reports have assessed the association between RENAL and DAP, and operative outcomes in LPN cases, exclusively. We aimed to assess 134 patients who underwent LPN at Kansai Medical University (Osaka, Japan), and compared the correlations between RENAL and DAP for operative outcomes.
Methods
We retrospectively analyzed 134 consecutive patients who underwent laparoscopic PN between January 2006 and April 2013 at Kansai Medical University by two surgeons (TM and HK) who were certified by the Endoscopic Surgical Skill Qualification System in Urological Laparoscopy. 15, 16 Data collection and retrospective review were approved by the institutional review board, and the study conformed to the guidelines of the Declaration of Helsinki. The inclusion criteria were: (i) a single kidney tumor; and (ii) renal artery clamping during LPN. Of these, 134 consecutive patients had cross-sectional computed tomography and magnetic resonance imaging findings available for analysis, and comprised the study cohort.
RENAL and DAP were calculated according to previously reported protocols. The RENAL score is based on five components: R, radius; E, exophytic/endophytic; N, nearness; A, anterior/posterior; and L, location. The DAP score is based on three components: D, diameter; A, axial; and P, polar.
The DAP components are scored as follows: Total RENAL scores were divided into: low-, 4-6; middle-, 7-9; and high-risk, 10-12. The total DAP score was divided into: low-, 3-4; middle-, 5-6; and high-risk, 7-9. Of the 134 patients who underwent LPN, a retroperitoneal approach was used in 101 patients and a transperitoneal approach in 33 patients. Although we most often selected a retroperitoneal approach, when the tumor was located in the anterior kidney, a transperitoneal approach was selected. We routinely placed a ureteral catheter at the ureteropelvic junction under general anesthesia. LPN was carried out by clamping only the renal artery, and tumors were excised by cold cutting, achieving hemostasis with the bipolar device. After tumor resection, indigo carmine was infused into the ureteral catheter to detect the location of the open urinary tract. The collecting system was repaired separately using 3-0 polyglactin suture on an SH needle, and renorrhaphy was carried out with a continuous suture pattern using 2-0 Vicryl on a CT-1 needle (Ethicon, Somerville, NJ, USA). 17 We assessed the following intraoperative parameters: WIT and EBL, and percentage change in eGFR 6 months and 1 year postoperatively. Renal function was measured using serum creatinine and eGFR. eGFR was calculated using the current equation established for the Japanese population: Three of the 134 patients were converted to open PN (one case) and radical nephrectomy (two cases). We excluded these cases when assessing the postoperative parameters, because the LPN procedure was not completed.
Statistical analyses were carried out using Microsoft Excel for Windows (Microsoft Corporation, Redmond, WA, USA). Categorical and continuous variables are expressed as mean (range), and P < 0.05 was considered statistically significant. Comparisons of PN outcomes (WIT, EBL, and % change in eGFR at 6 months and 1 year) between scoring and risk groups were analyzed using the Kruskal-Wallis test. When this test was significant (P < 0.05), the Mann-Whitney U-test with Bonferroni correction was used for post-hoc testing to evaluate which group's coordinates were significantly different, and the P-value was reduced to 0.05/3, or P = 0.02. ROC analysis was used to compare prediction to open conversion. The v 2 -test was used to compare the areas under the curve between two ROC curves. We also carried out univariate and multivariate regression analysis to assess the association between WIT and the preoperative characteristics. Table 1 shows the clinical and pathological characteristics of the 134 patients in the present study. The RENAL and DAP distributions for the total score and the individual components are shown in Table 2 . Just three cases were classified in the high-risk group for RENAL. Table 3 shows the relationship between RENAL and DAP and operative outcomes. There were no significant differences for WIT and EBL among the three risk groups for RENAL (P = 0.38 and 0.09, respectively; Kruskal-Wallis test), whereas there were significant differences across the three groups for DAP (P = 0.02 and 0.01, respectively; Kruskal-Wallis test). WIT for the low-risk group for DAP was significantly shorter than for the middleand high-risk groups (P = 0.01 and 0.003, respectively, Mann-Whitney U-test with Bonferroni correction). There was no significant difference for WIT between middle-and highrisk groups (P = 0.10, Mann-Whitney U-test). EBL for the high-risk group using DAP was significantly higher than for the low-and middle-risk groups (P = 0.01 and 0.006, respectively, Mann-Whitney U-test with Bonferroni correction). There was no significant difference for EBL between low-and middle-risk groups (P = 0.83, Mann-Whitney Utest). Regarding percentage change in eGFR at 6 months and 1 year, there were no significant differences in RENAL and DAP across the three risk groups.
Results
ROC for RENAL and DAP were 0.798 (95% CI 0.667-0.929) and 0.895 (95% CI 0.816-0.978), respectively, showing that the predictability of open conversion for DAP was significantly higher than for RENAL (P < 0.05, v 2 -test). When evaluating the association between patient and perioperative characteristics and WIT (Table 4) , univariate analysis showed that EBL and DAP were significantly associated with WIT. Multivariate analysis showed that the retroperitoneal approach and DAP were significant components for predicting WIT.
Surgical complications were classified according to the Clavien-Dindo classification system. 19 Complications with grade ≥3 included one pseudoaneurysm (grade 3a, low-risk RENAL, middle-risk DAP), one urinary leakage (grade 3b, low-risk RENAL, low-risk DAP) and one laparotomy caused by postoperative hemorrhage (grade 3b, low-risk RENAL, middle-risk DAP).
Discussion
Nephron-sparing surgery has recently become the standard surgical treatment worldwide for small renal cell tumors. The anatomical complexity of the renal tumor is important to estimate the intraoperative technical difficulty during PN. Since 2009, three nephrometry scores have been introduced to reproducibly quantify the anatomical complexity of renal 10 The authors showed that the association between DAP and WIT, EBL, and postoperative parenchymal volume is stronger than for RENAL. They also stated that although RENAL radius scores were based on 4-and 7-cm cutoffs, just 3% of their patients had the highest RENAL radius score of 3, indicating that the 7-cm distance cut-off is too strict. Also, 57% of their patients had a RENAL nearness score of 3, indicating that the 4-mm distance cut-off is too lax.
Recently, Maeda et al. reported that DAP had a strong correlation with WIT, change in eGFR and change in effective renal plasma flow, and that DAP diagnosed the complexity and anatomical features of renal cell tumors in more detail than RENAL. 13 However, that study included open and laparoscopic approaches, which differ in surgical complexity. DAP versus RENAL must be evaluated based on the surgical approach because of differences in surgical difficulty for each approach. Although Yoon et al. reported that DAP can predict WIT and EBL in patients undergoing robot-assisted PN, to date, there are no reports assessing the association between RENAL and DAP and operative outcomes in LPN cases, exclusively. 20 Regarding the correlations between DAP and RENAL scores and operative outcomes among the low-, middle-, and high-risk groups, there were significant differences in WIT and EBL for DAP, but not for RENAL. However, there were no significant differences for percentage change in eGFR at 6 months and 1 year for both DAP and RENAL. Simmons et al. 21 and Godoy et al. 22 reported that WIT greater than 40 min could cause ischemic injury and affect postoperative renal function. In our cases, the median WIT was 25.4 min, and just nine cases (low-risk DAP, 2; middle-risk DAP, 5; high-risk DAP, 2) exceeded 40 min. Therefore, there was no direct association between nephrometry scores and late percentage change in eGFR. In the case of short WIT, although the complexity of the tumor characteristics could correlate directly with the operative difficulty (high WIT and EBL), postoperative kidney function could, as in our cases, be indirectly associated with the level of complexity. Also, our multivariate analysis showed that DAP is superior to RENAL for predicting WIT for LPN. Naya et al. reported that when DAP is ≥7 (high-risk group), open PN should be considered. 12 In our series, one case with a RENAL score of seven points (middle-risk) and a DAP score of eight points (high-risk) underwent open conversion because of arterial bleeding at the cut surface. Two cases with both RENAL and DAP scores of eight points (RENAL, middle-risk; DAP, high-risk) were converted to radical nephrectomy because of positive surgical margins related to ill-defined tumor borders. Although these three cases were classified in the middle-risk group for the RENAL score, DAP classed all three cases as high-risk. In the present study, 27 cases in the high-risk group with a DAP score of seven points were able to undergo LPN safely, whereas all three cases with a DAP score of eight points were converted to open PN. Although there is some debate regarding which cases should be selected for open PN, the present results showed that DAP >eight points might be an important cut-off for choosing open PN.
The main limitations of the present study were the retrospective methodology and the limited number of patients from a single institutional cohort. Large, prospective and multi-institutional studies are required to better validate the use of DAP for LPN. Also, two expert surgeons carried out LPN in our study, and our results might not be applicable to all levels of surgical skill.
In conclusion, despite the limitations of the present study, we believe that DAP provides a better understanding of tumor anatomy and better predicts operative outcomes for evaluating the complexity of LPN, which is often chosen for small renal tumors. 
